S
pinal epidural lipomatosis (SEL) is the result of pathologic overgrowth of unencapsulated adipose tissue in the epidural space of the spinal canal. [1] [2] [3] [4] In symptomatic cases, fat can cause compression of the spinal cord, conus medullaris, or cauda equina. Secondary SEL was first reported by Lee et al 5 in 1975 in a patient after renal transplant. The majority of secondary cases (thought to be related to another condition or its treatment) have been reported in patients receiving steroid therapy or those with endocrinopathy such as Cushing's syndrome or hypothyroidism. 4, [6] [7] [8] [9] [10] [11] [12] [13] [14] Idiopathic epidural lipomatosis is even more rare, with only a few small series published in addition to isolated case reports. 1, 3, 6, [8] [9] [10] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] In the Overgrowth of epidural fat, known as spinal epidural lipomatosis (SEL), can cause symptomatic compression of the spinal cord, conus medullaris, or cauda equina. Suggested predisposing factors such as obesity, steroid use, and diabetes mellitus have been based on a few reported cases, many of which were not surgically confirmed. There is a paucity of epidemiological data in surgically confirmed cases for this disorder. The purpose of this independently reviewed, retrospective, matched cohort analysis was to compare the demographics and incidence of comorbidities of patients who underwent lumbar decompression for SEL vs degenerative stenosis without SEL. Two surgeons' databases were reviewed to identify patients older than 18 years who underwent decompression surgery for magnetic resonance imagingverified, symptomatic lumbar SEL. A matched control group comprised an equal number of patients with degenerative stenosis (n=14). Demographic data, body mass index, symptom type/duration, comorbidities, complications, treatment history, and associated pathology were collected from medical records. Previously suggested risk factors, such as obesity, endocrinopathy, and epidural steroid injections, were not significantly different between the SEL and control groups. Furthermore, there were no differences in operative times, complications, or blood loss. The only noted difference between the 2 groups was the preoperative duration of symptoms, on average double in patients with SEL. This series represents the largest of its kind reported to date. Because symptom duration was the only difference noted, it is postulated to be the result of lack of awareness of SEL. Although based on small numbers, the incidence of SEL in thoracic and lumbar levels is thought to be roughly equal; however, there seem to be more thoracic cases associated with steroid use and more lumbar cases that are idiopathic. 31, 32 In addition, males have been reported to have a stronger predisposition to idiopathic SEL. 31 Magnetic resonance imaging (MRI) is the imaging modality of choice for evaluation, 2, 33, 34 although computed tomography (CT) and myelography are sometimes used. 1, 35 Treatment of SEL has ranged from nonoperative management, including weight loss in overweight patients, tapering down steroids if possible, and pharmaceutical pain management, to surgical decompression depending on the severity of symptoms and neurologic status of the patient. 1, 2, 8, 9, [15] [16] [17] [18] 22, 24, 25, 27, 29, [36] [37] [38] The purpose of the current independently reviewed, matched-cohort analysis was to compare the demographics, incidence of comorbid conditions, surgical data, and complications of patients who underwent decompression for symptomatic lumbar SEL with those who underwent surgery for degenerative lumbar stenosis without SEL.
Materials and Methods
Institutional review board approval was obtained prior to conducting this retrospective study. Two surgeons' (K.B.W., C.M.B.) databases were reviewed to identify patients older than 18 years who underwent decompression surgery for MRI-verified, symptomatic lumbar SEL. In each of these cases, the indication for surgery was neurogenic pseudoclaudication that failed to respond to nonoperative treatment. A matched control group comprised an equal number of patients with lumbar degenerative stenosis. Patients in the control group were matched by treating surgeon, age (±10 years), sex, and the extent of surgical treatment (±1 level). If it was not possible to match a patient by sex, then the treating surgeon and extent of surgical treatment were given preference. The group was selected randomly after the matching criteria were filled. Again, all patients exhibited neurogenic pseudoclaudication that failed to respond to nonoperative treatment. In both the SEL and control groups, there were no cases of cauda equina syndrome of functional weakness in the lower extremities.
A database was created to collect demographic information on both the SEL and control groups. 39 Data included age at surgery, body mass index (BMI), symptom types, symptom duration, comorbidities, complications, prior treatment history, and associated pathology. In addition, the grade of SEL was scored by one of the authors, a fellowship-trained spine surgeon (A.A.A.), using MRI in accordance with the system developed by Borré et al. 33 This grade ranges from 0 (normal) to 3 (most severe with Y sign present). The so-called Y sign is demonstrated in the Figure. Postoperative notes were reviewed to estimate the patients' functional outcomes using Macnab's criteria. 40 Data were analyzed using SigmaPlot version 12.3 statistical software package (Systat Software, Inc, San Jose, California). Differences between the SEL and control groups were analyzed using a t test or Mann-Whitney test depending on the normality of the distribution.
results
The database search identified 14 patients with lumbar SEL (6 males, 8 females). This group had an average age of 64 years (range, 43-85 years) and an average baseline BMI of 33 All patients in the SEL group underwent nonoperative treatment consisting of physical therapy and epidural steroid injections for at least 6 months preoperatively. Ten of 12 patients in the control group underwent physical therapy and epidural steroid injections preoperatively. One additional patient in the control group was treated nonoperatively with epidural steroid injections for 2 months preoperatively. Demographics are listed in Table 1 , along with accompanying comorbidities, which were comparable between groups. Odds ratios for diabetes mellitus, hypothyroidism, endocrinopathy, history of smoking, and symptoms were not significantly different. Of note, 2 patients in the SEL group and 3 patients in the control group had diabetes mellitus, 2 patients in each group had hypothyroidism, no patient in either group had other endocrinopathy, and 6 patients in the SEL group and 5 in the control group had a history of smoking. From a symptom standpoint, the SEL group had 11 patients with neurogenic claudication, compared with 12 in the control group. Patients with SEL tended to go longer without surgical intervention; however, due to the limited size of the cohort, this difference only approached statistical significance (P=.059). Postoperative follow-up was an average of 24 months (range, 2-96 months) for the SEL group and 14 months (range, 2-24 months) for the control group.
All patients underwent decompression with or without fusion between the years 2007 and 2013. Operative data are shown in Table 2 . Average blood loss for the SEL group was 217.15 mL, and average operative time was 165.14 minutes. Average blood loss for the control group was 252.5 mL, and average operative time was 178.71 minutes. There were no statistical differences between these 2 groups in operative time (P=.982) or blood loss (P=.710). In addition, no differences were observed in complications between the SEL and control groups ( Table 2) . Notably, one patient in each group had a dural tear intraoperatively and one in each group had a postoperative infection requiring surgical debridement.
The Macnab's criteria scores were converted to a numerical scale to facilitate analysis. Poor was represented by 1, fair by 2, good by 3, and excellent by 4. Average score was 3.6 for the SEL group and 2.9 for the control group ( Table 3) . A MannWhitney test showed that this difference was statistically significant (P=.047). One-way analysis of variance (ANOVA) tests were conducted to determine whether different Macnab's criteria scores were associated with different epidural lipomatosis grades. No significant relationship was found (P=.695). Analysis of variance tests were also conducted to determine variation in the number of levels decompressed depending on the Macnab's criteria score for the control group (P=.100) and the SEL group (P=.032). There was a statistical difference in the SEL group, but there was not adequate power to determine which lengths of decompression corresponded with better outcomes.
discussion
To the authors' knowledge, the current report is the largest series of patients with operatively treated symptomatic SEL of the lumbar spine. In addition, the authors are not aware of a previous study that directly compared demographics and operative data of patients who underwent lumbar decompression for the treatment of degenerative stenosis alone vs those with SEL. Although creating a matched cohort for a condition for which the etiology is not well understood could potentially confound important differences, the authors intentionally did not match the clinical characteristics that have been previously reported as possible causes of SEL.
Idiopathic SEL was first reported in 1982 in a woman with morbid obesity. 10 Mostly in the lumbar spine, it is more uncommon than secondary SEL, with fewer than 50 idiopathic cases reported. 4, 6, [8] [9] [10] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] Previous data have indicated that SEL is more common in men (75% to 88% of cases). 9, 16, 38, 41 However, in the current study, there were more female than male patients, with a ratio of 4:3, although this difference may be explained by the sample size. Moreover, recognition of SEL as a cause of symptoms is generally low, most likely leading to missed or delayed diagnosis. In the authors' experience, initial radiologist reports frequently overlook the presence of SEL, with secondary readings confirming its presence, suggesting that awareness of this condition is not universal.
Idiopathic SEL has been suggested to be associated with obesity; a number of cases of obese patients with symptomatic SEL who had symptomatic and radiographic improvement with weight loss alone have been reported. 6, 9, 14, 22, 29, 30, 41, 42 The majority of patients with SEL in the current study were obese (BMI ≥30 kg/m 2 ). Although the average BMI in the SEL group was slightly higher than that in the control group, this was not statistically significant. Patel et al 20 reported complete spontaneous resolution of SEL on MRI after 8 months with no treatment despite weight gain. Their observations, as well as the current findings, suggest that epidural fat accumulation fluctuates and may do so independently of peripheral fat mass.
Epidural steroid injection has also been postulated as a cause of SEL. [43] [44] [45] [46] However, others have reported it as a treatment. 47 The current authors found no difference in history of epidural steroid injections between the SEL group and the control group. There was not enough information to determine the frequency of injections. With conflicting information about the effect of both obesity and injections, further study is required to elucidate the natural history and etiology of SEL. Kuhn et al 13 described a trifid shape resembling the letter Y caused by centripetal pressure of epidural fat on the thecal sac. This so-called Y sign is specific for SEL and was present in 89% of their patients. A subsequent study by Borré et al 33 observed the Y sign in only 46% of their patients. In the current study, it was observed in 79% (11 of 14) of cases. Because the Y sign is only present in severe cases, Borré et al 33 created a 3-level grading scale for lumbosacral SEL based on the extent of lipomatosis seen in the axial plane of MRI. They found that no patients with grade I SEL were symptomatic, 17% of patients with grade II were symptomatic, and all patients with grade III were symptomatic and had severe stenosis. By nature of the current study containing only operatively treated patients, all patients were symptomatic with varying grades of epidural lipomatosis. Of note, 11 of 14 did exhibit grade III SEL. Decompressive surgery with fat debulking can be considered when nonoperative treatment is unsuccessful or when a patient exhibits acute neurological deterioration as a result of lipomatosis. 30 In the current study, the incidence of complications was the same in both groups. Theoretically, epidural fat should act as a protective layer during decompression, helping to prevent dural tear. Nonetheless, each group had 1 case of dural tear and spinal fluid leak. Both were primarily repaired and neither had associated postoperative sequelae. Each group also had 1 postoperative wound infection that was treated by surgical debridement and intravenous antibiotics. No cases of symptomatic recurrent epidural lipomatosis were observed in the study group despite the average BMI at final follow-up remaining statistically unchanged. This finding calls into question the role of obesity as a root cause of idiopathic SEL.
The strengths of this study are that it is the largest series of patients operatively treated for symptomatic SEL of the lumbar spine and that it is the first to compare those with SEL and degenerative lumbar stenosis. The limitations inherent in this study include its retrospective nature, relatively small number of patients, and lack of long-term clinical outcomes.
conclusion
Symptomatic lumbar SEL, although rare, should be considered in the differential diagnosis of patients presenting with neurologic symptoms related to cauda equina compression. Previously suggested etiologies, such as obesity, certain comorbidities, and epidural injections, did not appear to be significant in the current study. Because preoperative duration of symptoms was the only substantial difference noted, it is postulated that it is the result of lack of awareness. Future prospective study in a larger group of patients with comparison of clinical outcomes is warranted. 
